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ABSTRACT 

Thia atudy Cocuaad on tha cognitive conflicta 
•xparianced by young childran in uaing aoftwara prograna that 
provided then with toola to create and/or coBbine individual graphic 
•leaenta into larger atructurea. Six S-year-old children, none with 
prior coBputer experience, were obaerved uaing three prograBa— Xida 
at Work, Picture Perfect, and Springboard. Through 12 aeaaiona, each 
child spent 15 to 20 Binutea per week interacting with the 
BicrocoBputer and the saBo prograB. Obaervationa revealed aeveral 
typea of conflict cauaed by aoftwara conatrainta when a child began 
to build a conceptual picture i only one of the prograaa (Kida at 
Mork) allowed the children to rearrange what they had already done; 
none of the prograBa allowed the children to change the direction 
faced by individual graphica after they had been put in place; the 
children did not at firat underatand the "color fill" function of 
Picture Perfect and there waa no way to correct their Biatakea. Theae 
reaulta auggeat that the conatrainta of theae particular aoftwara 
prograsa ahort-circuited the children* a inter^at in and attention to 
that experience. It ia concluded that if aoftwara for young children 
la to BaxiBixe their cognitive developBent, it ahould provide an 
opportunity for the child to exerciae hia intentiona, reflect on the 
reaulta of hia actiona, and aubaequently reviae theae 
intentiona/actiona. The Logo prograoning language and aoftwara which 
eBphaaixaa kinetic Bovesent are cited aa two typea of aoftwara that 
Bight facilitate cognitive developBent. Fourteen referencea are 
provided. (BBN) 
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"This computer gives you a hard birgaio''; 
U U conflict e» frustration when software 
won't let you change your mind? 

David Kuichner 
Center for Teaching and Learning 
University of North Dakota 
Grand Forks, ND 58202 



David Kushnor 
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Any medium designed for young children's activity carries with it certain 
inherent constraints on its use (Kuschner and Clark, 1976). It is not 
possible, for example, for a child to bend wooden blocks in order to form a 
curve in the road travelled by toy truckr. Playdoh, which is malleable, might 
work for making the curve in the road, but it is not a sturdy enough medium 
for building the bridge over which the trucks will ride. As a medium for 
young children, microcomputer software can also be described in terms of the 
inherent constraints on its use. One of these constraints, the degree to 
which children are able to change their minds and revise their own actions, 
is the focus of this paper. 

The potential for revising one's actions is directly related to the 
experience of cognitive conflict. There are two types of cognitive conflict, 
both of which relate to a child's original efforts at understanding and 
acting on some aspect of his experience. The first type occurs when the 
^ child expects a particular result from his activity and then experiences the 
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yn§xp«ct«d, or ihe dtscrewni event. In ©iher werds, he m4§ ^ pf«dicti©ii 
which did not come true. The leeend iyp§ of cognt'Jve conn let occurs when 
the child experiences two or more coiqpeting »nd contradictory e^pUnations 
or understandings for the saine event. In either case, iht diicr«pint event 
or felt contfidiction, by its very essence, suggests to the child that there 
is «n alternative way of understanding his present experience. This aUema- 
tive understanding can then lead to additional "testing- of ideas. In 
effect, previous actions are revised in an attempt to reconcile original 
ideas with the resulU of action based on those ideas. The ultlnate Is^rtance 
of cognitive conflict is, of course, the revision of Internal, mental struc- 
tures and subsequent mentil activity, but the ability to overtly act on ideas 
and their alternatives is viully important in terms of the feedback such 
activity provides. 

If ' -omputer software is to be considered a viable medium for fostering 
the cognitive development of young children, then the issue of the child's 
control of the software must be examined (Cuffaro, 1984). Revision of actions 
is ceruimy an Important form of control. In an earlier study (Kuschner, 1985) 
I analyzed nine educational software programs created for young children in 
order to describe the variety of ways software does and does not facilitate 
the revision process. All of these programs were constructive in nHurt, In 
other words, children could use the tools provided by the software to create 
and/or combine Individual graphic e1cfl«nts into larger strtictur«$. The n- 
sulU of that study suggested that there was no one software program which 
provided optimal control for a child In terms of revision. Much like the 
variations of block media that exist (e.9.. Legos and Bristle Blocks), the 
software represented a variety of ways foi- revising actions. The purpose of 
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tne present nu4jf to t«ke i Siwple ©f iheie mm^ ©bserve chUdftfi 
uilftfj ihe«, wUH in eye t<>wif4s docowgntlng MHdt happens when i chUd winls 
to revise «n «ctlon— Mints to chinge hts mln^— but U not able to do so 
bfCiUie of sofiwire constfitnls. BiCiyse of these cenitraints, thtrt my be 
a fine line between an evi»nt producing the experience of cognitive confiitt 
•nd thit SAine event producing «n experience of frustration. That fine line» 
at least in part, my be directly related to the possibility of a child 
. i^vising his own actions. 

Procedares of the Study 
Six children, each five years of dge dnd attending a university day care 
center, were the subjects of this study. Three software prograus were used, 
two children assigned to each progrwa. On a weelcly basis, each child was 
taken to a s«ia11 room adjacent to the Rain space of the center where he or 
she spent 15 to 20 ninuus interacting **ith the compter and software. In 
or<ier to allow tine for familiarity and coinpstence with the software program 
to develop, each child woriced with the sane program for the duration of the 
study. Although illness and family moves reduced the nunber of weekly sessions 
for three of the children, there was an average of 12 sessions for each of the 
six children. 

After providing initial instruction and guidance on the use of the com- 
puter and the operation of the software, I primarily assumed the role of 
observer and recorder. I answered ai\y questions the children had, offered 
suggestions ff a child was having difficulty performing a particular function, 
and made sugsestlons at to what a child might try to do If I thought It rele- 
vant to the child's own Intentions. When a child was experiencing a probl^ 
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the wtai of offering th@ emti sol«iio<i, if in f«ct th§r« wii cmt. In 
addition, I pirovi<>e4 poionliilly reinforcing intf wtlvating sw^wrt Ihrwgh 
w ittention in^ vtrfeil tmmm sfeeyt wt^ei tJht ehlldrtn 4elRij. 

At the t>eginn1n^ of sosiion, I gave the children a prlnt§«t of »*hsi 
they had produced th© seisiof* t>efore. These printouts served t»*o purposes. 
One, they represent part of uy oatJ base for the study, and tm, they served 
as a forw of noilvatfenal re><ard for parilcipating in the study. This seeined 
to he effective because the children Invariably asked to see their -picture" 
fro« the week before as soon as we entered the room which housed the co««»uter. 
The children were also given the option of beginning each week's session by 
continuing work with the previous week's product, which had been saved to disk. 
The printout was an additional remainder of what they had done the week before. 

The Software 

Three software program were used In the studyr Kids at Work (Scholastic), 
Picture i>erfect (Methods and Solutions), and Stickers (Springboard). In each 
case, the software is warkeled as having the poUntlal for fostering children's 
intellectual growth and creative developtwnt. In addition, these program 
were selected for use In thii study because of their constructive nature: 
children can use the tools provided by the sof&<are to combine various ele««nts 
Into two-dinenslonal constructions of some kind. Two of the programs. Kids at 
Work and Stickers are gra0i1c$-enly program, while Picture Perfect supports 
the conblning of text with graphics. A description of each program. In par- 
ticular the characteristics relevant to this study, follows. 

Kids at Morfc. This Is a graphics-only pro9r«n, one which provides the 
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€hm mm im lets §f pmr^m pimm, U€h %n tmuinin^ inmimt 
grilles, fer enm\e, bttildiwfs, Um mghme^, 4n4 Urn itnimH. fiy 
<>epf©ssfi>g one of f©«r leys, » consirwctiftn ♦forker (Ciiy %h»pff% viih 3« 
ffiphics) Of « f«fw ffrl (Ctyfiifjf Shspts 31 ff^^hksj H ^vt^ frm % 
bUnk scrtefl into Uiese seis for ih§ put^st ©f s@)@eiifi9 In^lvt^uil §fiphf€s. 
{Tht screen ipmnm^ ot thwe ch4r«ci«rs minUi m mwmnti ©f wilkff)^ 
«n4 rumin^.) Of»iC« th§ chsr«ct«r Is posUtoAtd mn to the dtslrtd ffSf>»il€, 

*9riW>*n9- of tiie fr#pt»lc. The chflit c*n then nsvt nhls c*iirict«r, nftli 
9f«phlc. bdcli to tlie bUnk screon and by «tef>msi«f tht sptee bif, r^U^se 
iiMi iwiUioft the gni^H i^erevof he wants. The nmbsr of ele«i«fits he am- 
bines Into his plctur« Is llnlteii only by lh<! anount of spice on the scretrn. 

In term of tliis study, the ch«r*cierl$iics of this pnm^ ^^ch «re 
lifiporunt to note Include the following. The pwltlon of Individual mt^i^i 
wn be chinged it «ny i^m. Including ifter loiding a previously saved erea- 
tien. A particular graphic can be se1ecte<l for use as iwny tl«es as the child 
wanu, and a previously placed graphic can be rewved from the scene at any 
lliw. Hodlf'catlon of Individual graphics. Including color change, is pos- 
sible, but the skills necessary to do so proved to be beyond the abilities 
of these children. 

Stickers. With this graphics-only program, children can place ^eowtric 
shapes of different sites and colors onto a blank screw, slnulating the act 
«f placing stickers on § piece of paper. Throi^h the use of keyboard or 
joystick input, the child selects a sticker from a set Mhich appears at tJhe 
botton of tlw screen. By depressing the space bar of Joystick button, the 
sticker is -grasped* and can then be xoved around the screen until a position 
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r^Umi H, Tlit*^ iff iU§ mm t^iim mHUf^ m ghlH m lUr^ 

©« ih§ se<^n. ©»»ci i $tf€lff h#s bt^i^ <,«i«e#d, it €«n 1191 fee eiirtfily chifft^ 

oil»§f Slickers o^«ir ^m,) As wts tiNt c*s« m% u MoHc . u «$ ^ssi^lt 
to nt©iJffy intlitidui) sticlm fn ittms of tJheir sirwciMrt, mis i^^tn 
urtHrwl to ^ ^yof»d tl^ «^imfes of the eNt1dr«fi itiHitil, 

PIctMf^ figrfect. THIS ef©|fi» ^foi^i^ €hn<lr«fl i#ltih t>i« ibiHiy to 
crtaie oteiyres fro« icraich tl»fo«f*i ii»e us« of driwinf tools, seloci ini 
mmy pr^nm picutm, ind «tfd t««t to cr«*i«. On€o « <lf#»#li»f 

1$ or 4 picture iwsUlcmed, It C4n N fined In wItJh color «nd/or modified 
by «r*»ln9 mn of It or 4ddlf>9 to It witli the drtwln? tools. Indlvldyal 
eleiRents of * picture, howetrer, an not be n^filpuUted «s wholes once p1ic»d 
on tihe screen. 

Mhit utiles this pr^riP soncM^tt unique It t»»e "rubber^und* function Uhii 
Is part of the dnwlng tools «nd tl»e s^tlectlon of pre^r#wn pictures, ticti of 
tl»e 71 Avillible pictures can be pUctd dn^ere on ti»e scr^ ind uhen 
*siretc»>«j* to i ^ired sli«. Onc« ihit fiie is ^temlntd, iSepressIng §n 
input button frceus tlie picture 4t tJ«t siw. Frwn thn point on, siie is no 
longer open to minlpulition. tliis -rubber-bind- fuiiction Is «Uo psrt of tlie 
tools for drturlng Individual lines, connected lines, ind bom, irlth ll«e urn 
llnlutlons tf^lying. 
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imjf ^Ujred with in nimpm uKey could do, Ai first tJK^y 

«i»9ef<<R&nt#i) KfitI* virious foncifwis, «fi4 iiitir Init^il precis ir« 
€i»ird€i«rlMd by « r«i^wiii»»M af t»oili gfiipHfc Uil^Um tiUtPimu 6rmU$ 

pUt94 vi^mt ifv s«ftSQ ©f Nti«m or fom, 4114 Dhe ci»n#rtfl %P9m4 to 
t»§ ftf€init«<l by t»ie *i»fl€*r <»iii1«ty ©f t»»# cfw^wifr* f y©a w*5h 4 
bttttftfl i«« semetlilfif dppttrs ©« lisf leretfl. 

i« tli«lr 4ctlirlty. Xh^ it>tf©r« se1«€tlnf ffii^lilct, 4nit lihef) tJK^ %mU 

iMe 9r4p^lc 4f©imd tl^e ter^ befor© ^Idlnf ©n # ^sfil©A. iUtl^tr tiKin 
i rifidwi colltcUon ©f 9f«9»ilcs, itiey btgin i© build conctDtioil pfcium, 
sofwtfmn vith fert^>»»^i tiid someilinM as © r«AuH ©r in iccldwiUl pUcfuwnt 
of * ff*|*lc. JhH mi Mt«n t>»© first eitM9l©s ©f conflict oeetirrtd. 

As l»i«9et not«d In Mi dsicrlotlons ©f g^rly ii©t©l^»R«nt, fortuitous 
ettnis ©ft©« serve is tJhe noilvttor f©r c»il1tfr«^*s iciltliy. T»»l$ mi tl*e 
cise »*ltl» tite dilldren's emmUf^^ttem^ Cfnsvrti^tlons. An ei^le of i 
chiWt work t#lt»i Stlcfctrs serves ©s i food lllustrdtlon. At first tibe cf^ild 
mi content Mitli singly siUnpli^ different stfc^ on <fl»e screen, wItiDoyt 
©P9irent iMttem or desl^ In mind. OiiHn^ tihe fo«ftJ» session, tlils rindont 
stMpIng of stickers resulted In tuo circles belny pliced beloti i liorltont©1ly 
oriented recungle. At tint point. Urn cihlld Indicated tiMt t»»is configuration 
lo©ked 111© i ctr. He beftn to nake cir noises ©nd ©dd»d other stickers to 
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i*»<4 4id mi »#©r*, l^t(fr»9 tio m Hr help AiliAf y^y |jKe liifMr 

ISlSlSa *'»^ fictiirp t>frrfy^t. One? t>»^ |«cjme lntrl$ij>^ liy M»9 fti«Ul 

©f hi^ #lffi# iw ©fi^f i© tlii^rii^ 1^ i^il iKi^ e*wf»»l ilNtk 

©j^t. Ill©*© ©f^f*f»« ^ f»ot itlcw f©f SttdN rtyfsfMi. «]|»d§|f^ ll^ tiKflr 
©*|ir©»slons, 4ctlOf«i, ifti crmtlofti, tl»tjf f©»f«S Uhi$ t© l« fimsiriiln;, An 
dntlnU ©f ^9 pmkuimi %^ timm iu^iu mt H iH© M«i<t©^ lih© 
mount ©f cofic«»t«»il ifid lMm»-^»iiiid pHUsr^ ihn fJNty ini©»« HKe tjhil©f«i^ 
^ iwiwl 4«r|||i Ki©$ it Mor» »uid • difff rfni %mri9fm. IH© ©f«dr«iR ffii^ics 
b«IU fnt© t*ls pf99rm C4ii I© mnimUl«4 (mm4 §§4 mitio^) u 4wy tine, 
f©r ©MK^I©, first ©U^ li»9 ^nmt ©f « ff«c«, iiMi M»At 
ll>i£l< t© fet il*e 9f»©iiic ©f Hit c©^, m% dbl© i© r«irrii>^ tils pUliim 1^ ©f^ 
I© |ir©^#c« Hit §f^r§fm ©f il« €©M l»ei)ifid ti^ ftA£«. It* i^ar© 
«n©Mfd hin t© fC9r»s© M*e f©ftc«. m»m H ml of tm my^ ©Itc© Dht cow »*«f« 
«»© ftiK© bctA, ©i»d fiftilly re©©sUI©f) clht ft«£« I© ff©©i ©f ii»t um. in* 
t*ti f©r eoRtolnli^ tim two ^raplilcf In Hits my did i*9t ocoir t© tiNe ONIId 
witil li© liAd c«w»e© ti»e fence i*)d cow «f wwirat© grifiiics ii^ «m them witlif© 
lilt s«i» vlstfil field on the fcreon. TKie resi<1ts ©f his itiiom. fed ^dc l©i© 
ll« pUimffig ©f ti« «€tl©4n. I© ttolj c©s© tl»© s©fi»iirt dlloued Hi© dill© t© 
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i»»t$ is m^i^ly ©«i ef tl*t rttumi 4*iif tl^ cf«l)ift<4 i««rti*»f *»iijN list nf^rwn 



In lilt C4»# ©f ||ict£r|^, tlitf© w»s i fPUiim fm€iim k*»Ic*» €©i#y t© 
mum iU ©f IN sifcltn n ©^ftti» T^is pf©vfi litl^ful in # iintiif^ 
fee€Ji»s« III© f9Uiim fumiim hH Im^ m^i^ ©r«©r i© §© lMii©n ivti 
©liC©R9flt Of « 6i«citr. Hiit ktf4 ©f ©r«.©1i<Ml«^ on m |>in ©f l*« «*n©f^ 
mn ©91 ©©^nrf© *tfy ofif«. wim %mmmm ©ccwftw^ I© tihew wtmmHw^ m 
©fifiRUil©© ©r A siici»f #ftef ©Ucfrngi^f ©f mt siteitr, t^tsr, ifetf 
c©ttld m do iftyilil©) It. Siikc© JUht ©ijhtr pf^f»fis mf9 m 9mi 
t*fci» c©©uffi»d r»ill5tlc 9«^Hf , 0m diil^ «i©f« mn ffustrii©© ©y 
tlieft ©r©|f©ns. Ai ©©©^ t« m mt\imUt%m ©f c©RCf«t©, tihre^^ltnemifmi) 
«»©e1t ©r ilif fr©e>Hii^ ©f©^l©9 of |»«©^lft«mt©ri)l ©IcUif^s, tjhts© 
©Ifi«©sl©©il ©wn^ttf rt©f©feAUtlof\s mrt «l In ©r«>^i©fRilf«^ i©i fl*^ 

A M»lr<d i>ipe of ffvsCfallo© m% sptclflctlljr 9fii«rrat«d ©y t*»t ©f©r*ffi, 
^HOT ^ ©f Its €0ll©cil©it ©f ©iwlns t©©1$, tlilf ©for©") 

©r©vtdi© liiiil If c«11fd © *c©l©r fill* ftHKtl©©. DNif f«©cilM, mtk Is 
found In tmgf r»l^1cs ©r^fiffs, illows llis dif Id to cjli©©»« • €©l©r ©nd t»iiffi 
fill ©ity clotod flf^ 0© M»t scre^. Tlht mf4 'cl^#d' Is ©r^i^Ii^ l^i^iig^ 
this fwiActI©© Is ©fl«i» « f©«rrc« ©f swrorlsfn; o*^lf«£« f©r diUdf©©, 
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SUM ii^ii DNf m\m will "i^ii* #«i if iff^i if tl*tf« if inif 

fill mm if ift§ if if i® it. f^i* im^^^ 4 

»^*i«S #€l«iU|f ««it|^»^»ti il»t/ ifw^S H l« l>t #tll3Nft«c4My i^)f«iii»| 

#f tilt f«f(^r« pmrm^ lmm§r^ UmH94 ^ #fr#t |« «^ic*) t*i»l9iniiiiM 
lilt mimmm w»i»i4 ^ iif«4*tt«%t, l>if Itti^fiii mhr fin 1^ %mm 

iwe-Mcf iA li« ^riiion, ^ iih§m H m mf i® Dht fill mIuN DNe 

c^id il»ty |jh© tffsci ©f Uht fin, €jKi<^ 
%mi^mii*9 m^t 1^1 f ©icijiif@, ii^ ti^ H if if©. Hhs ^t^r« ©f ^eldf 

f«r©S«4lUll©n imt is lif $111 lilted MMi 16 ©fi«« a ^lfCff<»Mt tmt, I.©., 
m €t\9r ©»t ©r Hi© l©t«#M «f«i to Ibt flH«*l. Vhs rtS«llS ©f Vhif 

jiwdjr, i»i«*tr, $«^^t tit© €«istfii©i$ ©f thH ^nlmUr 

«*^rie«c«. tftK©*©f«l il^t t*>^ ««f« m^}e i© ui© Db© Infofqiatien 
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processes, and principles involved in his experience. Success-oriented 
problem solving, on the other hand, tends to focus a child's attention on 
goals and end points. Intelligence, according to the authors, is fostered 
by engaging in theory-oriented problem solving. 

Click (1983) relates the exercise of intention to Piaget's concept of 
assimilation. Click writes that assimilation is comprised of two parts: 
patterned actions or schemes, and intention. He suggests that when we think 
about the process of assimilation, our focus is too often on the patterned 
actions involved as opposed to the ideas or theories which activate those 
schemas of action. 

The children in this study seemed to get "stuck" at the level. of re- 
peating patterned actions. When pressing one button or one key makes something 
interesting happen on the screen, creates that captivating image Zajonc (1984) 
refers to, it is easy to be seduced into simply pushing that button over and 
over again. It is easy for intention to become subordinate to what the machine 
can do, particularly when intention becomes thwarted by what the computer 
canNt do. The child's focus fixates on the success of his actions as opposed 
to a theory behind the actions. This also relates to Barnes and Hill's (1983) 
concern that the precision of action required by t'je microcomputer is perhaps 
antithetical to reflective thinking, and to Streibcl's (1984) concern that 
most educational computer programs emphasize immediate, non-reflective, action- 
based decision-making. 

Two types of software which might facilitate the exercise of intention 
and the subsequent reflection include the LOGO progranming language pioneered 
by Papert (1980) and software which emphasizes kinetic movement (Forman, 1984; 
1985). The essence of LOGO consists of the execution of a plan, receiving 
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feedback, and then engaging.in the debugging process. The LOGO user is 
continually generating theories as to how to create desired effects on the 
screen. Very often these theories do not work as the child intended them 
to, which leads the child into the debugging process. Papert points out 
that debugging— reflecting upon and analyzing the step-by-step workings of 
a program and then making revisions— is not the same as erasing, which is the 
primary way the software in the present study allowed the children to revise 
their actions. LOGO is an example of software which both encourages children 
to engage in theory-oriented problem-solving and also provides them with the 
means for using the results of their actions as the material for productive 
reflection. Results of a study by Clements and Gullo (1984) suggest that 
experience with prograrmiing in the LOGO language does in fact promote reflec- 
tivity. 

Regarding the second type of software that has the potential for fostering 
cognitive conflict, Sheingold (1984) points out that one of the unique prop- 
erties of the microcomputer is its power to represent dynamic movement. Soft- 
ware which has the child program the movement of images on the monitor screen 
would engage the child in the act of making predictions based upon his inten- 
tions, provide him with feedback regarding the results of his actions, and 
open up the opportunity for the child to experience the conflict that occurs 
when the results contradict his intentions. The cycle would then be completed 
if the software allowed the child to revise his original plan. Forman (1984) 
suggests that the power of this feedback is enhanced if the child is presented 
with Images representing the path of the movement itself, not simply the 
starting and arrival points of the movement. With this information, the child 
can reflect more completely on the relationship between his intention and the 
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results of his actions. 

In sunmary, I would like to cite a statement from an article by Jeanne 
Banterger entitled, "The computer as sandcastle" (Bamberger, "!983). Banfcerger 
writes that the medium of computer software, like any good medium for children's 
activity, should foster what she calls conversational learning. Her definition 
of this concept embodies the three characteristics of intention, reflection, 
and revision just discussed. "By conversation I mean the conversation we 
have with materials as we build or fix or invent. As we perturb these materials, 
arranging them and rearranging them, watching them take shape even as we shape 
them, we learn. The stuff talks back to us, remaking our ideas of what is 
possible. The backtalk leads to new actions on our material objects in a 
spiral of inner and outer activity. Inner intention gives way to reflection on 
and responsiveness to the backtalk of the materials, leading to new outer 
actions on objects, and hence once more to changed Intention" (p. 35). 
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